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The purpose of this investigation was to exalTline the 
role that keratinocyte growth factor (KGF) plays in 
the control of lTlatrix-degrading protease activity in 
epithelial cells. The culture conditions had a signifi-
cant effect on cellular responses to the growth factor. 
In histiotypic culture on porous-polycarbonate lTlelTl-
branes, porcine periodontal ligalTlent epithelial cells 
responded to KGF with increased 92-kDa gelatinase 
(lTlatrix lTletalloproteinase [MMP]-9) activity. No such 
response was observed in cells lTlaintained on plastic 
plates. EpiderlTlal growth factor and platelet-derived 
growth factor also increased MMP-9 activity in the 
histiotypic cultures of epithelial cells. Addition of 
heparin with KGF produced a further increase in 
K eratinocyte growth factor (KGF or FGF-7) belongs t.o the heparin-binding growth tactor family, which includes acidic and basic fibroblast growth factors (FGF) , int-2 , hst/KFGF, FGF-5, and FGF-6 [1-3) . Heparin is known to modifY the effect of FGF by 
stabilizing the molecule and increasing its half-life [4- 6). 
KGF, which has the same amino-terminal signal sequence as 
int-2, hst/KFGF, and FGF-5, appears to be actively secreted by 
fibroblasts but not by epithelial cells [2]. KGF appears to stimulate 
DNA synthesis and support growth of epithelial cells, but not 
fibroblasts or endothelial cells [7]. KGF may thus function as a 
paracrin e mediator durin g th e epithelial-cormective tissue interplay. 
Supporting evidence has been obtained from wound-healing stud-
ies. Within 1 d of expe rimental wounding, a 160-fold induction of 
KGF mRNA was loca lized to dermal cells in the wound edge and 
below the wound [8]. Concurrent expression of the KGF receptor 
(FGFR-2) in the wound edge epidermis provides fmther evidence 
of the paracrine eftect [8] . 
Cellu lar activation during wound hea ling involves a number of 
events. It has been proposed that indu ction of neutral proteases by 
epithe lial cells is needed to detach them /iOln the basem ent 
membrane and for migration along the wound bed [9]. Matrix 
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MMP-9 activity. with heparin alone having no effect. 
Precoating of polycarbonate lTlelTlbranes with lTlatrix 
cOlTlponents showed that fibronectin and an engi-
neered poly-RGD lTlolecule substrate were required 
for KGF plus heparin to increase MMP-9 activity. 
Precoating plastic culture plates with the salTle pro-
teins did not generate the SalUe response. ConcolTli-
tant with gelatinase activity. KGF also increased 
urokinase-type plaslTlinogen activator in the epithe-
lial cells. Thus, KGF appears to be an ilTlportant 
regulator of protease secretion in epithelial cells. Key 
Ivords: Mat"ix metallop,'oteinaseillroki"aselhepar-i". ] Invest 
Dermatol 104:989-994, 1995 
metalloproteinases (MMP) and urokinase-plasminogen activator 
(uPA) ha ve been found to be induced in the wound tissue [9-11]. 
A study on the gelati.nases during healing of experimentally induced 
skin blisters showed that 72-kDa gelatinase (MMP-2) is e;\:pressed 
primarily in the dermal fibroblasts and 92-kDa gelatinase (MMP-9) 
primarily in the regenerating epiderm al cells [10] . Similar results 
have been reported in healing oral mucosal wounds using ill sit" 
hybridization. A strong signal for MMP-9 was observed in the basal 
and suprabasal cell layers of the migratiJlg epithelial sheet [9]. 
Similarly, MMP-9 appeared early in comeal reepithelialization after 
wounding and was localized to the repair a.rea [12]. 
The role of different groW t11 factors in the control of MMPs is not 
fully understood. It appears that several growth factors m ay up-
regulate MMP-9 expression in epithelial cells [13,14] . Basic FGF 
was found to induce MMP secretion in cultured m esenchym al cells 
[15 ,16). In contrast, KGF was not found to induce MMP-9 in 
cultured human mucosal keratinocytes [9]. A recent ill lIilm wound-
healing study showed KGF-induced migration, proliferation, and 
secretion of uPA in human keratinocyte cells [17]. The purpose of 
this report was to study KGF induction ofMMP-9 and uPA activity 
using a novel histiotypic epithelial culture model. 
MATER.IALS AND METHODS . 
Cell Culture Periodontal ligament epithelial cells were isolated and 
cultured as described previously [18]. T his cell line can be cultured and 
maintain ed on plastic without specia l growth requirements and passaged up 
to 15 times. C ulture of these cell s at high density on tissue-culture-treated 
T ranswell polycarbonate membranes (Costar Inc .. Cambridge. MA) in-
duces a cell phenotype similar to that of basal cell s of stratifying nonkera-
tinized epithelia [19,20]. Fifth to eighth passages of the cell line were 
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cultured on plastic or polycarbonate membranes in alpha-minimal essential 
medium (StemCell Technologies Inc. , Vancouver, British Columbia, Can-
ada) supplemented with 15% fetal bovine serum (FBS) (ICN Biomedicals, 
Mississauga, Ontario, Canada) . Day-3 cultures on permeable membranes 
consisted of two or three layers ofloosely organized cells. No permeability 
barrier was formed at tillS stage, as measured by transmembrane electrical 
resistance or diffusion of radiolabeled dextran through the layers [20J. 
Gelatinase Zymography Cells plated at a density of 240 - 300 X 10' 
cells/cm 2 on Transwell polycarbonate membranes (0.4 J-Lm pore size) were 
used to study the induction of gelatinase activity by selected growth factors. 
Before plating the cells, we preincubated the inserts in alpha-minimal 
essential medium plus 15% FBS for 2 h at 37°C. O ne hundred microliters 
and 400 J-LI of medium, respectively, was added to the. apica l and basal 
compartments. Cell s were cultured for 3-7 d in medium containing 15% 
FBS before treatment for 2 d in serum-free medium. The effect of KGF 
(UBI-01-118; Upstate Biotedmology Inc, Lake Placid , NY) was assayed 
over a range of 2-50 ng/ ml , whereas epidermal growth factor (EGF) 
(ICNI60035; ICN Biomedicals) and platelet-derived growth factor (PDGF) 
(UBI-BT-208; Upstate Biotechnology Inc) were used at 20 ng/ ml. For 
experiments assessing the combined effect of heparin and KGF on protease 
secretion, KGF was diluted to its working concentration (20 ng/ml) and 
heparin was added to a fmal concentration of 100 J-Lg/ ml [5]. Serum-free 
conditioned medium was collected after 48 h of incubation. Conditioned 
medium collected fro m the apical and basal chambers of the Transwell 
culture system were assayed separately. Differences in volumes in the 
compartments were corrected during loading for electrophoresis. 
For zymography, we used a discontinuous sodium dodecylsul fate (SDS) 
polyacrylamide gel electrophoresis system [21] by adding gelatin (1 mg/ ml) 
substrate (G-6650; Sigma, St. Louis, MO) that was Auorescently labeled 
[22]. Gelatin degradation was monitored visually under long-wave ultravi-
olet light . Conditioned medium samples centrifuged at 12,000 X g were 
mixed with nonr~ducing sample buffer and loaded onto 7.5'X, ge ls. After 
completion of electrophoresis, the gels were washed twice in 50 mM Tris 
buffer (pH 7.5) containing 0.02% NaN, and 2.5% Triton X-I 00. After 
incubation for approximately 18 h (37°C) in a buffer of 50 mM Tris, 0.02% 
NaN" 5 mM CaCl 2 , and 1 J-LM ZnCI2 (pH 7.5). the gels were sta ined with 
0.2% Coomassie Blue R-250. Zones of enzymatic activ ity were visuali zed 
by negative staining, scanned by an image-digitized op ti cal scanner (Silver-
scan; LaCie. Beaverton, O R) . and analyzed by computer software (Image , 
1.4, National Institutes of Health) . 
A ffinity purification of the 92-kDa gelatinase was carried out following 
the protocol of Overa ll and Sodek [23]. Material bound to the gelatin-
Sepharose (Pharmacia LKB Bi~technology, Baie d 'Urfe, Q uebec, Canada) 
column was eluted with column buffer conta ining 7% dimethylsulfoxide 
[24]. Activation oflatent MMP-9 involved preincubation of the conditioned 
medium with 1 mM p-aminophenyl-mercuric acetate (Sigma) for 60 min at 
37°C before electrophoresis . Inhibition of MMP-9 activity was assessed by 
developing the gels in the presence of 20 mM ethylenediamine tetraacetic 
acid (EDTA) (BDH C hemicals, Toronto , Ontario, Canada). 
Protein Precoating of Polycarbonate Membranes Transwell poly-
carbonate membranes (0.4 J-Lm pore size) that were not tissue culture treated 
and 96-well cell culture plates were precoated using a modified protocol 
[25 ]. Type I collagen (Sigma) was dissolved in 0 .1 M aceti c acid to a 
concentration of 3 mg/ml; type IV collagen (Cellagen T-IV; IC N, Costa 
Mesa , CAl comes prepared at a concentration of 3 mg/ ml. Fibronectin 
(Collaborative Research. Waltham. MA) and lamillln-l (Boehringer Mann-
heim , West Gennany) were dissolved in 0.1 M phosphate-buffered saline 
(PH 7.4) to a concentration of 50 J-Lg/ml. A poly-arg-gly-asp (RGD) 
molecule having 13 RGD triplets per molecule (Pronectin F Recombinant 
Attachment Factor; Stratagene, La Joll a, CAl was diluted to the same 
concentration. Each polycarbonatc membrane (0.32 cm2 ) and plasti c well 
(0.32 cm 2) was precoated with 25 J-LI of stock soln tion and dri ed overnight. 
T he wells were then washed twice wi th 0.1 M phosphate-buffered saline 
(PH 7.4) before plating the cell s. Cell s were plated at a density of240 -300 
X 10' ce ll s/cm2 on polyca rbonate membranes and plastic well s and 
maintained for 3 d in alpha-minimal essential medium with 15% FBS. and 
then in medium with 0.5% FBS for 2 d . Subsequently, the cultures were 
treated with KGF (20 ng/ml) plus heparin (100 J-Lg/ml) in medium with 
0.5% FBS. The 48-h conditioned media from cells cultured on plastic or on 
po lycarbonate membranes were ru n on gelatin zymograph y. T he cell s were 
collected after treatment with lO X trypsin-EDTA (Gibco, Burlington, 
O ntario. Canada) and coun ted with a Coul te r COllnter (Coul ter Electronics 
of Canada Ltd , Richmond, British Columbia , Canada) . 
Radiolabeled Gelatin Assay An aliquot o f conditioned medium in 50 
mM Tris, 200 mM NaCI, 5 mM CaCI2 , 0.2 J-Lg/ml NaN,. and 0.1% Brij-35 
buffer with heat-denatured 1 'c type I collagen was incubated at 37°C for 18 
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Figure 1. KGF, EGF, and PDGF increase 92-kDa gelatinase activity 
in histiotypic cultures. Porcine periodontal ligam ent epithelial ce ll s were 
plated at a high density on T ranswell polycarbonate membranes and 
cultured for 3 d in the presence of 15% FBS. The cell s were treated for 2 d 
in serum-free medium and stimulated with growth factors (20 ng/ml) in 
serum-free medium for 48 h. Aliquots of conditioned medium &om the 
apica l (9 J-LI) and basal (36 J-LI) compartments were mixed with nonreducing 
sample buffe r and subjected to gelatin zymography (7.5% polyacrylamide 
plus 1 mg/ ml gelatin). CO, control. 
h [26]. Nondegraded ge la tin was precipi tated with 10% trichloroacetic 
acid/1 "A, tannic acid, and radioactivity released in the supernatant was 
measured with a liquid scintillati on coun ter [23]. Gela ti nase in the condi-
tioned medium was la tent. as li ttle gelatin degradati;'n occurred without 
enzyme activation. Activation of all the samples was done w ith 1 J-Lg/ ml 
trypsin (Sigma) for 1 h. after wlllch 10 J-Lg/ ml soybean trypsin inhibitor 
(Sigma) was added. 
Plasrninogen Activator Zylnograph y Ana lys is of plasminogen activa-
tor in the cond itioned medium was based on a modification of the technique 
of Marshall el. 01 [27J . Conditioned medium was run on a 10% SDS-
po lyacrylamidc gel that was supplcmcntcd with 1 mg/ml a-casein (1 95096; 
IC N Biomedical s) and 8 J-Lg/ml plasminogcn (P-7397; Sigma) . Samples 
were run under nonreducing conditions in SDS-polyacrylamide gels as 
described for gelatin zymography. After electrophoresis the gels were 
washed twice (30 min each) in 100 mM glycine, 2.5% Triton X-I00, and 
0.02% NaN, (pH 8.0) buffer and deve loped for 3 h (3rq in 100 mM 
glycine and 0.02% N aN, buffcr (PH 8.0). T he ge ls were fixed . stained. and 
destaincd using the gelatin zymography protocol. Samples nm on casein gels 
witho ut plasminogen se rved as control s. 
R ES ULTS 
KGF, EGF, and PDGF Increase 92-kDa Gelatinase Activity 
in Histiotypic Culture When added to multilayer e pithelia l 
cultu res on polycarbonate filters, KGF increased 92-kDa gelatinase 
activity an ave rage of 3 .0-fold in b o th the apical and b asa l 
compartments (Fig 1). Unde r th e same conditions, EGF and PDGF 
stimulated gelatinase activity by 3.3- and 2.2-fold, respective ly. 
Minor gela tin-degrading enzymes at 67 kDa and 58 kDa were 
noninducible by any of the t1u'ee growth f.1.ctors . Addi tion of 1 'Yo 
FBS to th e medium during th e 48-h stimulation with KGF caused 
little additional increase in MMP-9 activity. T hree-day c ultures in 
m e dium with 15% FBS follow ed by 2-d treatment in serum-free 
m e dium were m aximally respon sive to growth factor stimula tion, 
w h ereas 5- and 7-d cultures w e re less responsive (data not shown) . 
KGF did not seem to affect gelatin ase secretion in cell s cultured on 
plastic p lates, regardless o f serum con centration o r cell density (data 
not sh own). T hree-day-old c ultures on polycarbonate membran es 
w e re therefore ch osen as th e culture mode l for the subsequent 
exp e rime n ts on KGF e ffects . T h e media from the apical and basa l 
compartmen ts were poole d b ecause no appare nt diffe re n ce w as 
found in the enzyme activities. 
T h e 92-kDa gelatinolytic en zyme, bound tightly to ge latin 
Sepharose, was inhibi ted by EDTA and con verted to an 83-kDa 
form by p-aminophe nyl-mercu r ic acetate ac tivation (Fig 2a,b) . 
The en zym e was therefore identified as MMP-9 . KGF concentra-
tions from 2 to 10 ng/ml il1duced a linear increase in MMP-9 
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F ig ure 2. Identification of the epithelial cell 92-kDa gclatinase as 
MMP-9 . a) O ne milliliter of KGF- treated 48-h conditioned medium was 
passed through a l OO-J.LI gclatin-Sepharose mini-column . Bound ma terial 
was washed with 800 J.LI of 1 M NaCI-containing column buffe r (50 mM 
T ris- HCI, 5 mM CaCl2 , 0.5 ILg/ ml Brij 35, 0.2 J.Lg/ ml NaN" pH 7.2, at 
4°C) and subsequently eluted with 200 J.LI of7'!!u di.l11etllylsu lfoxide (DMSO) 
plus 0.25 M NaCI-containing column buffer. T hirty-five micro li ters of the 
samples was analyzed by ge la tin zymography. (J) Inhibition of gelatinase 
activity in KGF-treatcd conditioned (Con) medium (48 h) was studied by 
the addition of 20 mM EDT A to the developing bufFer. A 60-min 
pretreatment (37°C) of the 48-h conditioned medium (35 J.LI aliquot) with 
1 mM p-aminophenyl-mercuric acetate (APMA) before gelatin zymography 
was used to study MMP-9 enzyme activa tion. 
activity. N o furth e r increase was seen at h.ig her concentrations (Fig 
3). A ll furthe r expe rime n ts were performed with a KGF con cen-
tratio n of 20 n g/ml. 
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Figure 3, Concentration dependence ofMMP-9 induction by KGF. 
Epithelial cell s were plated at a high density on polycarbonate membranes 
and cul tured for 3 d in the presence of 15% FBS. The cell s were treated for 
2 d in serum-free medium and stimulated with KGF (0-50 ng/ml) in 
serum-free medium for 48 h. T hirty-five microli ters of pooled conditioned 
medium from the apical and basal compartments was subjected to gelatin 
zymography. Values arc presented as mean :t: range of two samples. 
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Figure 4. KGF in the presence of h eparin increases total gclatinase 
and MMP-9 activity. a) KGF (20 ng/ ml) and heparin (hep; 100 J.Lg/ ml) 
were added to a high-density epithelial culture on polycarbonate membranes 
(n = 4). Twenty microli ters of 48-h conditioned medium was mixed with 
reaction buffer, trypsin activated (1 J.Lg/ ml for 1 h at 37°C) . and incubated with 
radiolabelcd gelatin. Nondegraded gelatin was precipitated, and the raruoac-
tivity of unprecipitated gelatin fragments was measured. Trypsin (1 J.Lg/ ml) in 
phosphate-buffered saline (PBS/ TRY) served as control. Parallel sanlples were 
incubated in the presence of l 0 mM EDTA. Values are presented as mean :t: 
SD. b) Aliquots (35 J.LI) of 48-h conditioned mediwll from cultures treated ,·,~th 
KGF (20 ng/ ml). heparin (100 ILg/ ml), and tlleir combination (K + H) were 
nm on gelatin substrate zym ograms (n = 4) . Con, control. A representative 
example for each group is presented. 
Heparin Potentiates KGF Stimulation of MMP-9 T h e level 
of gelatinase present in 48-h conditioned m edium was assayed using 
I·C- gelatin as a substrate (Fig 4a) . KGF alo n e stimulate d gelatin o-
lytic activity. However, addition of KGF with hep arin cau sed a 
sta tistically significant increase in gelatino lytic activity over the 
control (Scheffe F test, p < 0.05). Addition ofl0 mM EDTA totally 
inhibi ted gelatinolytic activity, suggesting that gelatin was degraded 
by MMPs. 
The MMP-9 activity in 24- and 48-h conditio n ed media was 
subsequently q uanti ta te d b y scamnng the area of lysis produced on 
gelatin substrate gels. The pattern of increase in MMP- 9 activi ty 
fo llowed that o bserved in the radiolabeled gelatin degradation 
assay. Forty-eight- hour conditioned m edium th at was treated with 
KGF p lus h ep arin showed significantly increased MMP- 9 gelatinase 
activity compare d w ith th e control level (n = 4; Scheffe F test, p < 
0.05) (Fig 41/) . T ins level of activ ity was Ingh e r than that with KGF 
alone; heparin alone did not increase MMP-9 activity. T h ese 
exp erime n ts were repeated three times and showed similar results . 
In 24-h conditione d m edium , KGF p lus h eparin showed no increase 
in MMP-9 activity (data not shown). A gradual increase in MMP- 9 
activity occurred w he n KGF (20 ng/ml) was added to cultures with 
inc reasing con centrations of heparin (1, 10, and 100 /-Lg/ m1). The 
activity curve levele d off at approximately 10 /-Lg/m1 of heparin 
(data not shown). 
To eliminate the possibili ty that the h eparin effect on MMP-9 
was due to contamination b y groWtll factors or lipopolysacch aride 
[28]. we heated h eparin to 56°C for 30 min to denature proteins or 
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Figure 5. KGF plus heparin induction ofMMP-9 activity is depen-
dent on matrix proteins. Polycarbonate membranes were precoated with 
laminin, type I and type IV collagen, fibronectin, and a poly-RGD molecule 
(Pronectin-F). Epithelial cells were plated at a high density for 3 d in the 
presence of 15% FBS and then treated for 2 d in medium with 0.5% FBS. 
The cells were subsequently treated for 48 h with KGF (20 ng/ml) plus 
heparin (100 fl.g/ml) in medium containing 0.5% FBS. Aliquots (35 fl.1) of 
pooled apical and basal conditioned medium from each group were run on 
gelatin zymography. 
at 85°C for 15 min to ne utralize Li popolysaccharide. R egardless of 
the heat treatment, stimulation of th e 92-kDa gelatinase activity 
occurred to a similar degree (data not shown) . 
Cells Respond to KGF pius Heparin With Increased MMP-9 
Activity When Plated on Polycarbonate Mentbranes 
Coated With Fibronectin and an Engineered Poly Arg-Gly-
Asp (RGD) Molecule The protein with w hich the polycarbon-
ate membrancs were coated had a significan t e ffect o n the abili ty of 
KGF to stimul ate the epithelial cell MMP-9 activity (Fig 5) . 
Precoating with laminin-1 and with types I and IV collagen resulted 
in little or no increase in MMP-9 activity when the epithelial cells 
were treated with KGF plus heparin. However, precoating with 
fibronectin resulted in a 5.5-fold increase in MMP-9 activity. W h en 
the membranes were coated with poly-RGD (Pronectin-F), the 
increase in MMP-9 activity by KGF plus hepatin was 1.7-fold . T he 
smaller increase in MMP-9 activity by precoating with Pronectin-F 
was largely a result of increased baseline sccretion . When the cells 
at the end of the 48 h were collected and counted , there was no 
statistically signifi cant difference in celJ numbers in any of the 
groups (data not shown) . On plastic plates, these cells showed no 
increase in MMP-9 activity wh en treatcd with KGF plus heparin , 
regardless of the protein precoating (data not shown) . 
KGF Stintulates Plasntinogen Activator Activity KGF in-
creased epithelial cell plasminogen activator activity, as detected by 
casein/plasminogen zymography. A doublet with a mol ecular 
weight consistent w ith uPA (46 kDa and 42 kDa) and an additional 
band at 25 kDa could be observed (Fig 6a). The lower-molecular-
weight enzyme .is probably a fragment of the intact e nzyme 
resu lting from cleavage during sample storage [29). In both the 24-
and 48-h condition ed media , KGF induced a statistically significant 
increase (Scheffe P test, p < 0.05) in uPA (Fig 6b). Exclusion of 
plasminogen from the gels produced no substrate degradation by 
either control or KGF-treated conditioned m edium. 
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Figure 6. uPA is Induced by KGF. 0) Epithelial ce lls were plated at a 
lugh density on polycarbonate membranes and cultured for 3 d in the 
presence of 15% FBS. The cells were treated fo r 2 d in serum-free medium 
and stimulated with KGF (20 ng/ml) for 24 or 48 h. Aliquots (35 fl.1) of 
pooled conditioned medium from apical and basal compartments were 
subjected to a-casein/plasminogen zymography (10% polyacrylamide. 1 
rng/ ml a-casein, and 8 fl.g/ml plasminogen). a-casein- containing gels 
without plasminogen (-Plasm.) served as control. Con, control. b) ullA 
activity was quantitated by scanning the area of lys is. Values are presented 
as mean ::t SD (n = 4). 
DISCUSSION 
Wound healing inv o lves a complex serics of events controlled by 
several growth factors . In the injured surface tissues, one of the 
early events is activation and migration of epithelial cell s to cover 
the wound site. To migrate, epithe li al cell s have to be ab le to 
adhere to matrix molecules and efficiently break this connection 
[30). Two groups of proteolytic enzymes have been fo und to be 
important in this respect, namely MMPs and plasminogen activator. 
I II sit" hybridization studies have shown that a 92-kDa gelatinolytic 
e nzyme, also termed MMP-9 or gelatinasc B, is induced in migra-
tory epithelium of Skil1 wounds [9,10) and healing corneal wounds 
[12). MMP-9 is able to degrade basement membrane components, 
i.e., laminin and types IV and VB collagens, as well <IS f1bron ectin, 
proteoglycans, and dena tured interstitial collagens [13,31,32). 
Regulation of protease secretio n by epithelial cells is not yct w e ll 
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understood . It is be lieved that in teractions of epithelial cells with 
nlatrLx m olecul es, mesen chym al cell s, and growth factors are 
important in the regulation [14]. It has been suggested that KGF, a 
m ember of th e fib roblast growth fac to r fa mily, plays an important 
p art in epithelial/mesenchymal in te rac tion [7]. In t ransgeni c mice 
overexpressing KGF, a g ross increase in epidermal thickn ess and 
a lte ration in epidermal growth and diffe rentiation have been re-
ported [33]. bl sit,lI hybridization studies of excisional wounds have 
sh own that KGF is the major m ember of th e FGF fa mily induced in 
t he dennis. To study w hether KGF regulates epithe lial cell protease 
p rodu ction , nonkeratinizing epithelial cells of periodontal ligam en t 
w ere used as a m odel [20]. 
C ul ture conditions were cri tical in identifying KG F effects on 
p rotease secretion . KGF-stimulated epithelial cell s th at were cul-
tured on pl astic plates show ed no ch an ge in gelatinase secretion . In 
tlus regard, keratinocytes also have been repo rted to be unrespon-
sive to KGF w hen cultured on plas tic [9]. How ever, in the 
lustio typic epithelial cell culture 111.0del described here , KGF, 
especially in the presence of heparin , induced MMP-9 actIVIty. 
Under these condi tions, EGF and PDGF also induced MMP- 9 
activity. 
Precoating of the polycarbonate m embran es sh ow ed that fi -
bronectin was associated wi th the increase in MMP- 9 activity by 
KG F plus heparin, whereas laminin-l and co ll agens types I and IV 
were no t. Fibronectin precoatin g of plas tic plates continued to 
sh o w no increase in MMP-9 activity. As the epithelial cells were 
also responsive when plated on po ly-R GD (Pronectin-F) , it is lik ely 
that the major fib ronectin receptor (a 5t31 in tegrin) recognizing the 
RGD sequence may playa ro le. An increase in MMP-9 activity by 
kera tinocytes has been shown to occur in response to antibody 
bindin g to various integrin subunits [25]. Further, sign al tran sduc-
tion for induction o f co llagenase and strom elysin OCCUlTed in 
synovial fib robl asts through the fibronectin receptor [34]. T he 
rela tion of our histiotypic cul ture system and integrin express ion is 
as ye t uncl ear. T he 2-h pre incubation of uncoated but tissue-
culture-treated polycarbonate m embranes in medium w ith 15% 
FBS before pl ating the cells may h ave served to coa t the m embranes 
with serum-derived fib ronectin (pl asm a concentration 0.3 m g/ ml) . 
T he KGF effect on epithelial cell MMP-9 expression w as poten-
ti ated by heparin . Vario us ro les have been postulated for heparin in 
m odulating FGFs [1]. H eparin resto res the bioactivity of acidic FGF 
and basic FGF [6] and stabilizes acidic FGF and basic FGF by 
protecting them fi'om proteolytic degradation [4,5]. T lus inhibition 
o f proteolytic degradation serves to increase active acidic FGF 
half- life . Extended exposure to activ e acidic FGF was needed to 
induce neurite outgrowth [5]. T he fact that over 24 h was needed 
before the re w as a m aj or increase in MMP-9 activity in our study 
suggests that a lon g exposure to active KGF m ay also be needed . 
H eparin m ay in crease th e extrace llul ar or in trace llular KGF hal f-
li te. Another suggested role fo r heparin in volves stabilization of the 
FGF te rtiary structure, w luch would be cri tica l fo r binding to its 
lugh-aflini ty receptor [35,36]. 
KGF also induced uPA in the epi thelial lustiotypic cul ture. T his 
is consistent with a recent report using cul tured kera tinocytes [17] . 
Studies h ave shown that uPA loca lizes at focal contacts of cul tu red 
cells , and it is therefore thought to pl ay an important part in cell 
migration [37] . Immunolustochemical studies have shown that uPA 
is found in keratinocyte outgrowth associated w ith w ou.nd healing 
[11] . Plasmin has been found to serve as an activator of laten t 
MMPs ill vitro [1 3]. It is therefore conceivable tha t synchronized 
secre tion of la ten t MMP-9 and uPA en ables epi thel ial ce lls to 
migrate on the wound bed. Coexpression of MMPs and plasmin-
ogen activator has been reported in in vasive cancer cells [38,39]. In 
conclusion , o ur culture system provides a valuabl e m odel fo r 
studying epi theli al cell responses to grow th fa ctors. T lus study 
demonstrates that KGF m ay be an importan t regu.l ator of epi th elial/ 
m esench ymal in te raction by stimulating protease secretion fi'0 111 
epithe lial cells . 
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